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6WUXFWXUHFKDUDFWHULVWLFV
7KHVWUXFWXUHRIWKHYLDGXFWFRQVLVWVRIDSDLURIKLQJHOHVVVWHHODUFKHVZLWKUHLQIRUFHGFRQFUHWHDQGVWHHOKDQJHUV
FRQQHFWHGWRWKHEULGJHSODWIRUP7KHZLGWKRIWKHVWUXFWXUHDORQJZLWKWKHFRUQLFHVLVP7KHVXSHUVWUXFWXUHUHVWV
RQWKHDEXWPHQWVWKURXJKWKHSRWEHDULQJV7KHVSDQRIWKHDUFKHVLVDQGPUHVSHFWLYHO\7KHULVHRI
WKHDUFKPHDVXUHGYHUWLFDOO\UHDFKHVP+HLJKWIURPWKHORZHVWSRLQWRQWKHURDGZD\WRWKHORZHVWSRLQWRIWKH
JLUGHULVP+HLJKWRIWKHVWHHOJLUGHULVP7KLFNQHVVRIWKHEULGJHSODWHLVP$SHFXOLDULW\RIWKH
VWUXFWXUHLVWKHXVHRIUDUHUDGLDOO\LQFOLQHGVXVSHQVLRQVWRWKHDUFK*HQHUDOYLHZRIWKHYLDGXFWLVVKRZQLQ)LJ

)LJ5RDGDUFKYLDGXFWDVLGHYLHZ EORQJLWXGLQDOYLHZ
7ULDOORDGLQJRIWKHYLDGXFW
7ULDOORDGLQJRIWKHYLDGXFWLQFOXGHGVWDWLFWHVWLQJDQGVWDQGDUGG\QDPLFWHVWLQJ>@ZKRVHDLPZDVWRGHWHUPLQH
WKHUHVSRQVHVRIWKHVWUXFWXUHZKLOHWKHWHVWYHKLFOHSDVVHVWKHVWUXFWXUHDWWKHYHORFLWLHVUDQJLQJIURPWRNPK
$YHKLFOHRI WRWDOPDVV RI WZDVXVHG LQ WKH WULDO UXQV5HVXOWV LQ WKH IRUPRI WLPLQJRI WKHGLVSODFHPHQWV RU
DFFHOHUDWLRQVGXULQJWKHWHVWGULYHVZHUHUHFRUGHGHOHFWURQLFDOO\0HDVXULQJVHWFRQVLVWHGRIDODSWRSPHDVXUHPHQW
VKHHWDQGUHFRUGHUZLWKWKHFRQGLWLRQHUIRXUVHQVRUVRILQGXFWLYHGLVSODFHPHQWVDVZHOODVWKUHHDFFHOHUDWLRQVHQVRUV
9HUWLFDO GLVSODFHPHQWV ZHUH UHFRUGHG RQ ERWK VLGHV RI WKH EULGJH LQ ó RI WKH VSDQ 9HUWLFDO DFFHOHUDWLRQV ZHUH
PHDVXUHGDWWKHFHQWHUVSDQRIWKHEULGJHZKHUHDVWKHKRUL]RQWDODQGYHUWLFDOLQWKHPLGGOHRIWKHVSDQRIWKHDUFK
7KHVSHFWUXPRIQDWXUDOIUHTXHQFLHVDQGWKHORJDULWKPLFGHFUHPHQWVUDWHZHUHGHWHUPLQHG
'\QDPLFVHQVLWLYLW\
,QYHVWLJDWLRQUHYHDOHGDKLJKG\QDPLFVHQVLWLYLW\RI WKHVWUXFWXUH LQYROYLQJWKHSUHVHQFHRIEHDWVDQGLWVZHDN
GDPSLQJDIWHUWKHYHKLFOHVKDYHSDVVHG7KHLQWHQVLW\RIWKHVHSKHQRPHQDLQFUHDVHZLWKWKHYHORFLW\RIWKHFURVVLQJ
ORDG)LJ7KHDSSOLFDWLRQRIKLJKSDVVILOWHUIURP+]TXDVLVWDWLFUHMHFWLRQRIWKHFRPSRQHQWRIWKHSDVVDJH
VKRZHGWKHKHDSVRIVSHFWUDOSRZHUGHQVLW\LQWKHIUHTXHQF\EDQGDURXQG+])LJ7KHVHSDUDWLRQRIWKHEDQG
IURPWR+]UHWDLQVWKHSURSHUWLHVRIWKHFRPSOHWHJUDSK)LJ


)LJ([DPSOHRIUHFRUGHGEHDWVDWWKHYHORFLW\NPKYHUWLFDOD[LVPPKRUL]RQWDOD[LVV
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
)LJ7KHXVHRIKLJKSDVVILOWHUUDQJLQJIURP+]

7KHVHQVLWLYLW\RI WKHYLDGXFWPD\WKHUHIRUHEHDVVRFLDWHGDW WKHPHQWLRQHGIUHTXHQF\ZLWKWKHUHVRQDQFHDQG
FRXSOLQJRIWKHIRUPVRIVLPLODUIUHTXHQFLHV6XFKEHKDYLRXULVXQXVXDOIRUEULGJHVWUXFWXUHV7KHUHIRUHDGHWDLOHG
WKHRUHWLFDO DQDO\VLV RI WKH YLDGXFW ZDV FDUULHG RXW0RUHRYHU GXULQJ WKH RSHUDWLRQ RI WKH YLDGXFW D TXDOLWDWLYH
UHSHWLWLRQRIWKHVHSKHQRPHQDZDVVWDWHG7KHREVHUYDWLRQV\VWHPRQWKHVWUXFWXUHLVWREHLQVWDOOHG>@


)LJ7KHXVHRIDEDQGSDVVHVILOWHU+]XQLWVYHUWLFDOD[LV±PPKRUL]RQWDOD[LV±V
0RGDODQDO\VLV
&RPSXWDWLRQDOPRGHOZDVGHYHORSHGRQWKHEDVLVRIWKHDVEXLOWGRFXPHQWDWLRQRIWKHYLDGXFW,QWKHFDOFXODWLRQV
DVSDWLDOEDUPRGHORIVWLIIQHVVDQGPDVVUHVXOWLQJIURPWKHFKDUDFWHULVWLFVRIWKHVWHHOFRQFUHWHDUFKVWUXFWXUHZHUH
XVHG6XVSHQGHGWLHVZHUHWDNHQDVWKHVWHHOURGVRIFLUFXODUFURVVVHFWLRQ7RWDOPDVVRIWKHVWUXFWXUHZLWKSHUPDQHQW
HOHPHQWVLQFOXGHVWKHGLVWULEXWHGPDVVHV7KHPRGDODQDO\VLVUHYHDOHGDSUHVHQFHRISURSHUYLEUDWLRQVFORVHO\ORFDWHG
WRHDFKRWKHUFKDUDFWHUL]HGE\DOPRVWLGHQWLFDOFRQILJXUDWLRQRIIOH[XUDOFRPSRQHQWVRIWKHIRUPVRIVLPLODUYLEUDWLRQV
DQGE\WKHYDULDWLRQVRIORQJLWXGLQDOYLEUDWLRQVRIWKHEULGJHSODWIRUPDQGDUFK7KHVHIUHTXHQFLHVDUHYHU\VLPLODU
DQG+]WRWKHIUHTXHQFLHVVSHFLILHGLQWKHWHVWLQJGXULQJWKHWULDOORDGLQJDQG+]:KHQH[SRVHG
WRWKHORDGWKLVWUDQVODWHVLQWRDQDOPRVWLGHQWLFDOLPSRUWDQFHRIWKHIRUFLQJIDFWRUYHKLFOHHQWHULQJWKHVWUXFWXUHDW
GLIIHUHQWUHDFWLRQRQWKHEHDULQJV*RRGTXDOLW\RIWKHEHDULQJVODUJHIOH[LELOLW\RIKRUL]RQWDOPRYHPHQWVDQGORZ
GDPSLQJDIIHFWVWKHLQWHQVLILFDWLRQRIWKLVG\QDPLFHIIHFW7KHILUVWDQGWKLUGIRUPRIYLEUDWLRQVLQ)LJ

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
)LJ7KHILUVWDQGWKLUGIRUPRIYLEUDWLRQVRIWKHURDGDUFKYLDGXFW
,PSURYHPHQWRIG\QDPLFHIIHFWVRIWKHYLDGXFW
:KHQDQDO\VLQJWKHUHVXOWVRIPRGDODQDO\VLVLWFDQEHVHHQWKDWDVLJQLILFDQWSURSRUWLRQRIWKHPDVVRIWKHYLDGXFW
WDNHVSDUWLQYLEUDWLRQVLQWKHGLUHFWLRQRI<D[LVKRUL]RQWDOD[LVLQWKHWUDQVYHUVHGLUHFWLRQ


)LJ7KHVHFRQGDQGWKLUGIRUPRIYLEUDWLRQVRIYLDGXFWDIWHUFKDQJLQJWKHEHDULQJV

&KDQJHRIWKHEHDULQJGHVLJQVKRXOGFKDQJHWKHIRUPRIYLEUDWLRQV6LPXODWLRQRIWKHFKDQJHRIWKHEHDULQJZDV
FRQGXFWHGDVVXPLQJWKDWWKHULJLGDQGVOLGHEHDULQJVUHPDLQXQFKDQJHGDQGWKDWWKHEHDULQJRQWKHRWKHUHQGRIWKH
YLDGXFWZLOOEHUHSODFHGE\HODVWRPHULFEHDULQJV,QWKHFRPSXWDWLRQDOPRGHOWKH\DUHDVVXPHGDVHODVWLFVXSSRUWVLQ
ERWKKRUL]RQWDOGLUHFWLRQV7KHVHFRQGDQGWKLUGIRUPRIYLEUDWLRQVLQ)LJ7KHJHRPHWU\RIWKHYLDGXFWSDUWLFXODUO\
LQWHUPVRIVXVSHQVLRQVLVGLVDGYDQWDJHRXV7KHUHIRUHWKHLPSDFWRILQVWDOOLQJDGGLWLRQDOGLDJRQDOKDQJHUVRQWKH
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G\QDPLFFKDUDFWHULVWLFVRIWKHVWUXFWXUHZDVDQDO\VHG6XFKPRGLILFDWLRQLVQHXWUDOIURPWKHDHVWKHWLFSRLQWRIYLHZ
7KHLQLWLDOOD\RXWRIKDQJHUVLVVNHZHGDQ\ZD\DQGWKHFKDQJHRIWKHOD\RXWLQWKHVWUXFWXUHVKRXOGFKDQJHWKHIRUP
RIYLEUDWLRQV)RUWKHSXUSRVHRIWKHDQDO\VLVLWZDVDVVXPHGWKDWWKHDGGLWLRQDOKDQJHUVDUHEDUVRIWKHVDPHFURVV
VHFWLRQDVWKHH[LVWLQJKDQJHUV7KHILUVWWZRIRUPVRIYLEUDWLRQVDUHVKRZQLQ)LJ,QWKHFRPSDUDWLYHDQDO\VLVRI
WKHSURSRVHGFKDQJHVWKHFKDQJHVRIWKHFRQVHFXWLYHIRUPVDUHQRWDVLPSRUWDQWDVWKHFKDQJHRIWKHLUFRQILJXUDWLRQ



)LJ7KHILUVWDQGVHFRQGIRUPRIWKHYLEUDWLRQVDIWHUFKDQJLQJWKHOD\RXWRIWKHKDQJHUV

7KHODWWHURQHVVKRZVXLWDELOLW\LQGHSHQGHQWRIRUGHURIWKHIRUPVRIYLEUDWLRQVEHIRUHDQGDIWHUWKHSURSRVHG
FKDQJHV2WKHURSSRUWXQLWLHVWRLPSURYHWKHG\QDPLFSDUDPHWHUVRIERWKYLDGXFWVZHUHDQDO\VHGWKHPDVVLQFUHDVH
RIERWKDUFKHVE\ILOOLQJWKHPZLWKFRQFUHWHGRXEOHLQFUHDVHRIWKHPDVVRIEULGJHSODWHGRXEOHLQFUHDVHLQVWLIIQHVV
RI WKHPDMRUJLUGHUV+RZHYHU WKHVH WUHDWPHQWVKDYHSURYHG WREH LQHIIHFWLYH7KHREWDLQHGFKDQJHVRIG\QDPLF
FKDUDFWHULVWLFVGLGQRWH[FOXGHWKHSRVVLELOLWLHVRIIXUWKHUEHDWVLQWKHDQDO\VHGYLDGXFWDVWKH\PDLQO\DIIHFWHGWKH
IOH[XUDOYLEUDWLRQV,QDGGLWLRQWKHSUDFWLFDOUHDOL]DWLRQRIVRPHRIWKHDQDO\VHGYDULDQWVZRXOGEHGLIILFXOWDQGFRVWO\
(IILFLHQF\RIWKHVROXWLRQV
7KHDPSOLWXGHVRIWKHYLEUDWLRQVDUHQRWODUJHDQGWKH\GRQRWKDYHDVLJQLILFDQWFRQWULEXWLRQLQWKHFRPSRVLWLRQ
WKDWLVGHFLVLYHIRUWKHXOWLPDWHVWUHQJWKRIWKHPDLQHOHPHQWVRIWKHVWUXFWXUH>@7KHLUHIIHFWRQWKHGHWDLOVRIWKH
VWUXFWXUHLVKRZHYHUXQFOHDUSDUWLFXODUO\WKRVHGHWDLOVWKDWDUHFKDUDFWHUL]HGE\QRWFKHVFRQQHFWLRQQRGHVEHDULQJV
7KHSRVVLELOLW\RILPSRVLQJWKHYLEUDWLRQVXQGHUWKHRSHUDWLQJPRWLRQUDLVHVWKHVXVSLFLRQRILQWHQVLI\LQJWKHIDWLJXH
HIIHFWVLQWKHP>@6LQFHWKHSURFHVVLVUDQGRPWKHRQO\SRVVLELOLW\WRUHFRJQL]HWKLVSKHQRPHQRQLVWRFRQWLQXRXVO\
REVHUYHWKHVWUXFWXUH$VWKHWKHRUHWLFDODQDO\VHVKDYHGHPRQVWUDWHGHIIHFWLYHFRXQWHUPHDVXUHVDUHSRVVLEOH'XHWR
VPDOODPSOLWXGHVDQGDVLJQLILFDQWFRQWULEXWLRQRIWKHORQJLWXGLQDOYLEUDWLRQVPDVVGDPSHUVDUHQRWWKHPRVWDGYLVDEOH
VROXWLRQKHUH$QXQXVXDOVSHFLILFVROXWLRQZRXOGEHWRUHGHVLJQWKHPRYDEOHEHDULQJV,WVHIIHFWLYHQHVVZRXOGUHO\
RQFUHDWLQJWKH³QRQLGHDO´EHDULQJVVRUDWKHUWKDQWRHQVXUHWKHIOH[LELOLW\RIPRYHPHQW±LWZRXOGUHO\RQFUHDWLQJ
WKHFRQWUROOHGUHVLVWDQFHRIWKLVVOLGLQJZLWKWKHVLPXOWDQHRXVLQWURGXFWLRQRIGDPSLQJ
7KLVVROXWLRQLVWKHZD\WRUHPRYHWKHXQGHUO\LQJFDXVHRIWKHSKHQRPHQRQ7KHRUHWLFDOO\DSSURSULDWHO\VHOHFWHG
HODVWRPHULFEHDULQJVZLWKLWVDPRUSKRXVGHIRUPDELOLW\ZRXOGEHVXIILFLHQW3UDFWLFDOO\KRZHYHUWKLVVROXWLRQZRXOG
EHVKRUWWHUPGXHWRDWOHDVWWZRUHDVRQV7KHILUVWUHDVRQZRXOGEHWKHDSSHDUDQFHRITXDOLWDWLYHO\GLIIHUHQWRSHUDWLQJ
FRQGLWLRQVRIVXFKEHDULQJV,QVWHDGRIVORZO\YDULDEOHWKHUPDOGHIRUPDWLRQVWKH\ZRXOGEHH[SRVHGWRKLJKF\FOH
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DPRUSKRXV GHIRUPDWLRQV 7KH VHFRQG UHDVRQ WKDW TXHVWLRQV WKH VXVWDLQDELOLW\ RI WKH GHVLJQ VROXWLRQV LV WKDW WKH
VWUXFWXUHLVGHVLJQHGWRZLWKVWDQGWKHPLQLQJGHIRUPDWLRQV>@,QFRQWUDVWWRWKHVOLGHEHDULQJVWKUXVWEHDULQJV
ZRXOGUHTXLUHIDLUO\IUHTXHQWUHFWLILFDWLRQV2WKHUHIIHFWLYHPHWKRGDFFRUGLQJWRWKHDQDO\VLVFRXOGEHWKHDGGLWLRQ
RIGLDJRQDOKDQJHUV7KLVPD\EHGLIILFXOWWRLPSOHPHQWEXWKDVWKHDGYDQWDJHRYHUWKHSUHYLRXVPHWKRGGXHWRWKH
GXUDELOLW\RIWKHVROXWLRQ,QJHQHUDODVRSSRVHGWRWKHSUREOHPRIVHUYLFHDELOLW\OLPLWVWDWHVLQIRRWEULGJHVZHDUHQRW
GHDOLQJZLWKWKHQHHGWRUHGXFHWKHDPSOLWXGHRIYLEUDWLRQRIWKHVWUXFWXUH$VLWZDVPHQWLRQHGEHIRUHWKHGHWHFWHG
SRRUO\GDPSHGEHDWLQJIURPWKHXOWLPDWHVWUHQJWKSRLQWRIYLHZLVLQVLJQLILFDQWDQGWKHUHLVQRQHHGWRUHGXFHWKH
DPSOLWXGHV RI IOH[XUDO YLEUDWLRQV IRU H[DPSOH E\ WKH XVH RI PDVV GDPSHU RU E\ UHGXFWLRQ RI WKH DPSOLWXGH RI
ORQJLWXGLQDOYLEUDWLRQVE\XVLQJWKH WKUXVWEHDULQJV$EDVLFTXHVWLRQ LVZKHWKHUDQGZKLFKRI WKHVHHIIHFWVFRXOG
GHPRQVWUDWH GLVDGYDQWDJHRXV WHQGHQFLHV XQGHU WKH LQIOXHQFH RI RSHUDWLRQDO H[WRUWLRQV DQG ZKHWKHU WKH\ GR QRW
WUDQVPLWWKHPVHOYHVLQDPRUHVLJQLILFDQWZD\RQWKHORFDWLRQRIQRWFKHV&RQWLQXRXVREVHUYDWLRQRIWKHVWUXFWXUHFDQ
JLYHDFOHDUDQVZHUWRWKLVTXHVWLRQ,QHYHU\FDVHLWLVDSDUWRIWKHVDIHRSHUDWLRQRIWKHVWUXFWXUHGXHWRFKDQJHVLQ
VLJQDOOLQJPHFKDQLVPVDQGGDPDJHV
&RQFOXVLRQV
,WZDVIRXQGWKDWLQWKHDUFKVWUXFWXUHZKLFKKDVLQIUHTXHQWO\GLVWULEXWHGLQFOLQHGKDQJHUVLWPD\EHSRVVLEOHIRU
WKHIUHTXHQFLHV LQVLPLODUIRUPVRIIOH[XUDOYLEUDWLRQVWRDSSHDU'XULQJWKHRSHUDWLRQDOH[WRUWLRQ LW OHDGVWR WKHLU
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DVVHPEO\RIPDVVGDPSHUVRIYLEUDWLRQVWKHFKDQJHRIEHDULQJVDQGFKDQJHRIWKH
OD\RXWRIKDQJHUV(DFKRIWKHPHQWLRQHGPHWKRGVUHTXLUHVFKDQJHVPRUHRUOHVVLQWUXVLYHWRWKHVWUXFWXUDOV\VWHPRI
WKLVDUFKYLDGXFW8VXDOO\PDVVYLEUDWLRQGDPSHULQWHUPVRIUHJXODWLRQRIG\QDPLFSDUDPHWHUVJLYHVWKHJUHDWHVW
RSSRUWXQLWLHV+RZHYHU WKH XVH RI WKLV GDPSHU LV SRLQWOHVV GXH WR VPDOO DPSOLWXGH RI YLEUDWLRQV LQ WKH DQDO\VHG
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XQGHUWKHRSHUDWLQJORDGVLQVWDOODWLRQRIWKHPRQLWRULQJV\VWHP
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